When carbon is ignited off-center in a CO core of a super-AGB star, its burning in a convective shell tends to propagate to the center. Whether the C flame will actually be able to reach the center depends on the efficiency of extra mixing beneath the C convective shell. Whereas thermohaline mixing is too inefficient to interfere with the C-flame propagation, convective boundary mixing can prevent the C burning from reaching the center. As a result, a C-O-Ne white dwarf (WD) is formed, after the star has lost its envelope. Such a "hybrid" WD has a small CO core surrounded by a thick ONe zone. In our 1D stellar evolution computations the hybrid WD is allowed to accrete C-rich material, as if it were in a close binary system and accreted H-rich material from its companion with a sufficiently high rate at which the accreted H would be processed into He under stationary conditions, assuming that He could then be transformed into C. When the mass of the accreting WD approaches the Chandrasekhar limit, we find a series of convective Urca shell flashes associated with high abundances of 23 Na and 25 Mg. They are followed by off-center C ignition leading to convection that occupies almost the entire star. To model the Urca processes, we use the most recent well-resolved data for their reaction and neutrino-energy loss rates. Because of the emphasized uncertainty of the convective Urca process in our hybrid WD models of SN Ia progenitors, we consider a number of their potentially possible alternative instances for different mixing assumptions, all of which reach a phase of explosive C ignition, either off or in the center. Our hybrid SN Ia progenitor models have much lower C to O abundance ratios at the moment of the explosive C ignition than their pure CO counterparts, which may explain the observed diversity of the SNe Ia. Right panel: a case with convective boundary mixing modeled with a diffusion coefficient that decreases exponentially with a distance from the bottom of the C convective shell where its value is calculated using a mixing length theory. Convective boundary mixing with the length scale of its exponential decay equal to f = 0.007 pressure scale heights was included only during C burning, but it was neglected, assuming f = 0, on the preceding phases of convective H and He core burning. The latter explains why M i in these two cases is larger than in the left panel of Fig. 2 .
The C flame quenching by convective boundary mixing in super AGB stars
Denissenkov et al. [3] have found that convective boundary mixing at the bottom of the Cburning convective shell prevents the C flame from reaching the center of the CO core in a super AGB star (Fig. 1) . As a result, "hybrid" C-O-Ne cores are formed, with small CO cores surrounded by thick ONe zones, in super AGB stars with initial masses in the interval 
Can the hybrid C-O-Ne white dwarfs be progenitors of SNe Ia?
To answer this question, we allow our naked hybrid white dwarfs from the left panel of Fig. 2 to accrete material with chemical compositions equal to the ones of their C-rich surface buffer zones. Our used accretion rate,Ṁ acc = 8 × 10 −7 M /yr, is sufficiently high for H accreted with the same rate to be burnt into He under stationary conditions. We assume that He is then transformed into C in a He shell burning. We take into account compressional heating of the accreted material, but neglect energy generation in the H and He burning. Our main goal is to find out what will happen with our hybrid white dwarfs when their masses approach the Chandrasekhar limit. 
The Urca process uncertainty
This is one of the most important problems for our hybrid SNIa progenitor models, because C burning results in relatively high abundances of 25 Mg and 23 Na (Fig. 2, right panel) that form Urca pairs with 25 Na and 23 Ne, respectively. The Urca reactions involving the first and second pair are activated at the densities 1.29 × 10 9 g/cm 3 and 1.66 × 10 9 g/cm 3 , both of which are below the central density of explosive C ignition. Therefore, we anticipate a strong effect of these Urca processes on the final thermal and chemical structures of our SNIa progenitor models, especially in the presence of convection, because the kinetic energy of convective motion serves as a source for both Urca cooling and heating, which is very difficult to take into account [1] . In these circumstances, we choose to present the results of our calculations of SNIa progenitor models for a number of different mixing assumptions that mimic potentially possible outcomes of the interaction of convection and Urca reactions. Convective Urca heating and cooling are only included in our calculations of the nuclear energy generation rate, for which we use the most recent well-resolved Urca reaction and neutrino energy loss data of Toki et al. [6] , but they are ignored in our application of the mixing length theory.
Results
For the initial masses between 6.5M and 6.9M , we obtain hybrid C-O-Ne white dwarfs that can be progenitors of SNe Ia. However, because of the Urca process uncertainty, their thermal and chemical structures at the moment of explosive C ignition remain uncertain. Depending on our assumption about the interaction between convection and Urca reactions, the explosive C ignition occurs either in or off the center (left and right panels of Fig. 3 ). Because of this uncertainty, which can only be resolved in future reactive-convective 3D hydrodynamical simulations, we have generated several potentially possible instances of the hybrid SN Ia progenitor model that can be used, in the meanwhile, as initial models for 2D or 3D simulations of SN Ia explosion. Their resulting nucleosynthesis yields and light curves can be compared with available SN Ia observations to find out which of the instances better fits the observational data.
Conclusion
Although it can be expected that the less massive of our stars will enter a phase of explosive Cburning once their cores approach the Chandrasekhar mass, it is unlikely that the outcome will be a normal SN Ia. If the burning would proceed as a detonation from the start, the lack of intermediatemass elements in the ejecta would, like in the pure CO white dwarfs, contradict observations. In contrast, a deflagration ignited in the CO core cannot change into a detonation in the ONe zone easily because the critical mass for a detonation of an O and Ne mixture is much larger than that of carbon. Therefore, the more likely outcome of such an explosion is a faint SN Ia, similar to the SN 2002cx class, as was also found for pure-deflagration CO white dwarfs, and possibly a bound remnant is left behind [4] . Estimates of SNIa birthrates with our hybrid WD progenitors have recently been made in [5] and [7] .
